Introduction
============

The incidence of hypertension (HT) increases with age and nearly half of the population aged 60--69 years and three-quarters of those aged over 70 years are hypertensive. Ischemic heart disease and stroke risk increase when systolic blood pressure (SBP) rises above 115 mmHg and diastolic blood pressure (DBP) rises above 75 mmHg.[@b1-ijnrd-6-071] Healthy, normotensive individuals have a 10%--20% nocturnal decrease in blood pressure (BP) during the night. This decrease is under the influence of psychosocial, behavioral, and neurohumoral (sympathetic nervous system, renin--angiotensin system) factors.[@b2-ijnrd-6-071]--[@b4-ijnrd-6-071] Hypertensive patients usually have a blunted nocturnal decrease, or even increase, in BP during sleep. This has been reported to increase the risk for cardiovascular diseases. It is well known that there is a tendency for increased occurrence of cardiovascular events between 6 and 9 am, just after waking from sleep.[@b5-ijnrd-6-071],[@b6-ijnrd-6-071] This is usually a result of increased morning blood pressure surge (MBPS) in hypertensive individuals and 24-hour ambulatory blood pressure monitoring (ABPM) is the gold standard to evaluate these nocturnal changes and MBPS in hypertensive patients.

Metabolic syndrome (MetS) is another cardiovascular risk factor that is very common in hypertensive patients. In fact, presence of HT is one of the criteria for diagnosis of MetS according to the Adult Treatment Panel III.[@b7-ijnrd-6-071] Presence of three of the following five conditions is needed for diagnosing a patient as MetS: abdominal obesity (waist circumference ≥ 102 cm in males and ≥88 cm in females), HT (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), fasting blood glucose (FBG) ≥110 mg/dL, triglycerides (TGs) ≥150 mg/dL, and high-density lipoprotein (HDL) \<40 mg/dL in males and \<50 mg/dL in females. Insulin resistance (IR) is considered the main underlying problem in MetS. However, genetic factors, hyperuricemia, nutritional behaviors, and lifestyle have also been speculated to have effects.[@b8-ijnrd-6-071],[@b9-ijnrd-6-071] Further, although hyperuricemia is underestimated by some clinical practitioners,[@b10-ijnrd-6-071],[@b11-ijnrd-6-071] some reports link presence of hyperuricemia with development of HT, chronic renal failure, IR, diabetes mellitus (DM), and endothelial dysfunction (ED). In this study, we aimed to determine whether there is a relationship between hyperuricemia, MetS, nocturnal BP changes, MBPS, and abdominal obesity. Therefore, we suggest decreasing uric acid levels is a target for treatment of HT, chronic renal failure, IR, DM, and ED patients.

Patients and methods
====================

A total of 81 newly diagnosed hypertensive patients (61 female; age \[mean ± standard deviation (SD)\] 58.4 ± 9.4 years) were included. None of the patients had any history of HT, hyperlipidemia, DM, gouty arthritis, cardiovascular disease, or stroke, and none was taking any medications for any of these clinical conditions. Patients with an office BP measurement ≥ 140/90 mmHg were diagnosed as hypertensive according to seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure criteria[@b12-ijnrd-6-071] and were evaluated for inclusion. Individuals who also fulfilled two further Adult Treatment Panel III criteria were included in the study and ABPM was undertaken on these participants. An Oscar™ 2 Ambulatory Blood Pressure Monitor (SunTech Medical^®^, Raleigh, USA ABD) was used for the ABPM. BP measurements were done at 15-minute periods between 7 am and 11 pm and at 30-minute periods between 11 pm and 7 am. Patients were asked to record their sleep and waking times and these records were taken under consideration when making necessary calculations. In case of insufficient measurements or technical problems, the ABPM was repeated.

The resultant ABPM reports were evaluated to define dipper versus (vs)non-dipper status (ie, whether patients' BP did or did not, respectively, decrease during the night). Individuals with a decrease in night/sleep time mean SBP \> 10% compared with morning mean SBP were considered dipper patients and all others were considered non-dipper patients.[@b13-ijnrd-6-071] MBPS was calculated by subtracting the mean SBP value of the hour that the lowest SBP was measured during sleep from the second hour SBP following waking.[@b14-ijnrd-6-071] Office, daytime, night, and 24-hour mean SBP and DBP values were also recorded. Office BP measurements were done by the same person, following the guidance of the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, on at least two separate occasions on different days.

Anthropometric measurements included height, weight, waist and hip circumference measurements. All measurements were done by the same person. Waist circumference measurements were acquired while patients were standing up and breathing slowly, between the upper end of the iliac crest and the lower end of the lowest rib. Hip measurements were also done while patients were standing, from the widest point of the hip.[@b15-ijnrd-6-071] Body mass index and a waist--hip ratio (WHR) were calculated and recorded for each patient.

Blood glucose, lipid profile (total cholesterol \[Tcol\], HDL cholesterol, low-density lipoprotein \[LDL\] cholesterol, TG), creatinine, potassium, uric acid, hematocrit and thyroid-stimulating hormone levels were studied from an 8-hour fasting blood sample using standard laboratory techniques. The hyperuricemia threshold was accepted as 6 mg/dL.

Statistical analyses were performed with SPSS software (v 11.0, IBM, Armonk, NY, USA). All numerical data presented here are expressed as the mean ± SD. Data normality was analyzed by Kolmogorov--Smirnov test. All numerical variables with normal distribution are expressed here as mean ± SD, while variables with skew distribution are expressed as median, interquartile range. Categorical variables are given as percentages and were compared using the Chi-square test. Normally distributed numeric variables were compared with independent-samples Student's *t*-test, and skew distributed numeric variables were compared using the Mann--Whitney *U* test. A *P* value \< 0.05 was considered statistically significant.

Results
=======

Demographic and anthropometric characteristics and laboratory and ABPM data for the study group are summarized in [Table 1](#t1-ijnrd-6-071){ref-type="table"}. Non-dipper patients had higher WHR (0.92 ± 0.09 vs 0.87 ± 0.06, *P* = 0.003), uric acid (5.0 ± 1.3 vs 3.7 ± 0.9, *P* = 0.0001), FBG (106.1 ± 14.5 vs 94.6 ± 13.9, *P* = 0.001), Tcol and LDL cholesterol levels (237.4 ± 41.6 vs 184.3 ± 34.3 and 153, 45.5 vs 97, 35, respectively, *P* = 0.0001, [Table 2](#t2-ijnrd-6-071){ref-type="table"}). Risk analysis revealed that hyperuricemia (uric acid \> 6 mg/dL) was a risk factor for non-dipping pattern (*P* \< 0.0001, odds ratio =8.1, 95% confidence interval =1.9--33.7).

Further analysis revealed that patients in the highest quadrant for uric acid levels had higher FBG (108.3 ± 13.9 vs 91.6 ± 16.7, *P* = 0.001), LDL cholesterol (148, 68 vs 123, 57 *P* = 0.017) WHR (0.92 ± 0.09 vs 0.85 ± 0.06, *P* = 0.01), MBPS (44.3 ± 9.8 vs 35.6 ± 7.2, *P* = 0.003), and night DBP (67.5 ± 8.5 vs 61.4 ± 4.9, *P* = 0.013, [Table 3](#t3-ijnrd-6-071){ref-type="table"}) compared with those in the lowest quadrant. Uric acid levels were also positively correlated with night ambulatory blood pressure (ABP) (r = 0.268, *P* \< 0.05), night DBP (r = 0.3, *P* \< 0.05), and MBPS (r = 0.3, *P* \< 0.05, [Figure 1](#f1-ijnrd-6-071){ref-type="fig"}).

Discussion
==========

HT is not only a significant cardiovascular risk factor by itself but also usually accompanies other cardiovascular risk factors such as abdominal obesity, DM, and hyperlipidemia.[@b16-ijnrd-6-071] Occurrence of these pathological conditions together is called "metabolic syndrome" and is associated with a strong likelihood of suffering from cardiovascular diseases.[@b7-ijnrd-6-071] All these pathologies are thought to occur as a result of the common pathophysiological pathway, IR.[@b7-ijnrd-6-071]

Genetic, environmental, and nutritional factors seem to interfere with the presence and degree of IR. Increased abdominal fat may lead to increased resistance to insulin, resulting in hyperinsulinemia and diabetic tendencies. Increased fat tissue and various other nutritional factors are speculated to increase IR and incidence of related complications. One such factor is increased fructose intake, which leads to hyperuricemia by increasing insulin resistance and abdominal fat tissue, a condition classically associated with gouty arthritis but usually not considered a significant problem if there are no arthritic symptoms.[@b10-ijnrd-6-071]

However, in this study, we found that hyperuricemia is closely associated with HT, diabetic tendencies, and abdominal obesity. Subjects with a non-dipping BP pattern had higher uric acid levels, WHR, FBG, and Tcol and LDL cholesterol levels compared with their dipper counterparts ([Table 2](#t2-ijnrd-6-071){ref-type="table"}). Risk analysis revealed that increased uric acid levels were a significant risk factor for non-dipper BP pattern (*P* \< 0.0001, odds ratio =8.1, 95% confidence interval = 1.9--33.7). Also, patients in the highest quadrant for uric acid levels had higher FBG, LDL cholesterol, WHR, MBPS, and night DBP compared with those in the lowest quadrant ([Table 3](#t3-ijnrd-6-071){ref-type="table"}). All these results signify the coexistence of hyperuricemia with well-known cardiovascular risk factors such as DM, hyperlipidemia, obesity, and HT, but it is unknown whether hyperuricemia is the reason for or the result of this.

In a study by Wasada et al of 160 subjects, patients with uric acid levels in the highest quadrant had the highest body mass index and FBG as well as a hyperlipidemic profile.[@b17-ijnrd-6-071] Similarly, Lin et al reported that patients with MetS have a tendency to hyperuricemia and that uric acid levels are correlated with insulin levels, TGs, the homeostatic model assessment of insulin resistance, both SBP and DBP, and abdominal obesity.[@b18-ijnrd-6-071] Korpachev et al analyzed a group of 90 patients and reported that uric acid was related to abdominal obesity and IR.[@b19-ijnrd-6-071] Further, some large-scale epidemiological studies have reported an association between hyperuricemia, MetS, and abdominal obesity.[@b20-ijnrd-6-071]--[@b22-ijnrd-6-071]

Hyperuricemia may be a secondary result of decreased renal uric acid clearance in some patients.[@b20-ijnrd-6-071]--[@b22-ijnrd-6-071] However, some studies have reported increased uric acid production in patients with MetS who have normal renal function. For example, See et al analyzed data on 28,745 subjects and reported that hyperuricemia is only weakly associated with renal function but is strongly associated with MetS with or without a low glomerular filtration rate.[@b23-ijnrd-6-071] The authors also reported that the main cause of hyperuricemia was increased production rather than decreased clearance of uric acid. Another possible explanation for this elevation might be increased renal tubular re-absorption due to hyperinsulinemia.[@b24-ijnrd-6-071] Supporting this theory, we found a close association between the MetS components, FBG, WHR, and uric acid levels in a group of patients with normal renal function.

Another important finding of our study is the close association of hyperuricemia with non-dipping pattern and increased MBPS. Non-dipping patients are known to have a higher degree of cardiovascular risk compared with those who dip. It is well known that there is a tendency for increased occurrence of myocardial infarction, sudden death, and hemorrhagic or ischemic stroke 6 and 9 am, just after waking from sleep.[@b5-ijnrd-6-071],[@b6-ijnrd-6-071] This is thought to be secondary to increased MBPS in hypertensive individuals. Increased vascular resistance secondary to increased sympathetic and renin--angiotensin system activities have also been speculated to be the main underlying reason for increased MBPS.[@b25-ijnrd-6-071] Similarly, increased cortisol levels (as a result of circadian rhythm) may also increase vascular resistance and cause a hypertensive attack.[@b26-ijnrd-6-071] Moreover, patients with MetS might be more prone to increased MBPS simply because of their IR. Hyperinsulinemia increases sympathetic activity and intra-vascular volume as well as causing ED and angiotensin II receptor upregulation.[@b27-ijnrd-6-071]--[@b30-ijnrd-6-071]

Thus, at this stage, we think that uric acid might closely interact with every component of MetS. We found that MBPS was clearly related to the degree of abdominal obesity and hyperuricemia, while we also found a relationship between uric acid levels, WHR, and FBG. Patients with increased uric acid levels also had higher MBPS. Supportive of our findings is a recent analysis of the Framingham Heart Study by Sundström et al, who similarly reported that serum uric acid level was an independent predictor of HT.[@b31-ijnrd-6-071] Zoppini et al, Kim et al, and Holme et al also reported that increased uric acid levels are independently associated with increased cardiovascular mortality, stroke, and congestive heart failure in three different epidemiological studies.[@b32-ijnrd-6-071]--[@b34-ijnrd-6-071] We think that increased uric acid levels may induce IR and abdominal obesity, two conditions that increase uric acid levels with a positive feedback mechanism. All three of these conditions increase BP separately or in additive manner through some common mechanisms. As such, we feel that evaluation of hypertensive patients should also include assessment of uric acid levels and anthropometric measurements, as abdominal obesity and hyperuricemia seem to be closely related with undesired BP patterns, and these assessments may alert the clinician to any problems needing treatment.
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###### 

Demographic and clinical characteristics of study group (N = 81)

  ------------------------------------------------ --------------
  Sex (M/F)                                        20/61
  Age, mean ± SD (years)                           58.4 ± 9.4
  Office SBP, median, IC (mmHg)                    160.0, 20.0
  Office DBP, median, IQR (mmHg)                   110.0, 15.0
  ABPM daytime SBP, mean ± SD (mmHg)               155.2 ± 14.2
  ABPM daytime DBP, mean ± SD (mmHg)               90.2 ± 7.5
  ABPM night SBP, median, IQR (mmHg)               138.0, 16.8
  ABPM night DBP, mean ± SD (mmHg)                 63.3 ± 8.2
  ABPM 24-hour SBP, mean ± SD (mmHg)               152.1 ± 13.4
  ABPM 24-hour DBP, mean ± SD (mmHg)               84.8 ± 6.9
  Morning blood pressure surge, mean ± SD (mmHg)   37.8 ± 8.3
  Non-dipper, n, %                                 36, 44.4
  Body mass index, mean ± SD (kg/m^2^)             29.2 ± 3.9
  Waist--hip ratio, mean ± SD                      0.89 ± 0.08
  Fasting glucose, mean ± SD (mg/dL)               99.7 ± 15.2
  Total cholesterol, mean ± SD (mg/dL)             212.5 ± 46.5
  LDL cholesterol, median, IQR (mg/dL)             126.0, 67.0
  HDL cholesterol, mean ± SD (mg/dL)               54.7 ± 12.3
  Triglyceride, median, IQR (mg/dL)                148.0 ± 48.5
  Creatinine, median, IQR (mg/dL)                  0.8, 0.2
  Potassium, mean ± SD (mmol/L)                    4.2 ± 0.4
  Uric acid, mean ± SD (mg/dL)                     4.3 ± 1.2
  ------------------------------------------------ --------------

**Abbreviations:** ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.

###### 

Comparison of dipper and non-dipper patients

                                                   **Dipper group (n = 45)**   **Non-dipper group (n = 36)**   ***P***
  ------------------------------------------------ --------------------------- ------------------------------- ---------
  Sex (M/F)                                        8/37                        12/24                           0.088
  Age, mean ± SD (years)                           56.6 ± 5.9                  60.7 ± 12.1                     0.053
  Office SBP, median, IQR (mmHg)                   160, 20.0                   160, 20                         0.828
  Office DBP, median, IQR (mmHg)                   110, 20.0                   110, 10                         0.796
  ABPM daytime SBP, mean ± SD (mmHg)               155.8 ± 10.7                154.6 ± 17.6                    0.723
  ABPM daytime DBP, mean ± SD (mmHg)               91.3 ± 6.6                  88.9 ± 8.4                      0.176
  ABPM night SBP, median, IQR (mmHg)               131.6, 21.4                 140.6, 17.4                     0.0001
  ABPM night DBP, mean ± SD (mmHg)                 59.7 ± 5.6                  67.6 ± 8.8                      0.0001
  ABPM 24-hour SBP, mean ± SD (mmHg)               151.2 ± 10.2                153.1 ± 16.5                    0.545
  ABPM 24-hour DBP, mean ± SD (mmHg)               84.9 ± 6.0                  84.7 ± 8                        0.856
  Morning blood pressure surge, mean ± SD (mmHg)   37.4 ± 7.1                  38.3 ± 9.7                      0.641
  Body mass index, mean ± SD (kg/m^2^)             29.4 ± 3.9                  28.9 ± 4.0                      0.605
  Waist--hip ratio, mean ± SD                      0.87 ± 0.06                 0.92 ± 0.09                     0.003
  Fasting glucose, mean ± SD (mg/dL)               94.6 ± 13.9                 106.1 ± 14.5                    0.001
  Total cholesterol, mean ± SD (mg/dL)             184.3 ± 34.3                237.4 ± 41.6                    0.0001
  LDL cholesterol, median, IQR (mg/dL)             97.0, 35.0                  153.0, 45.5                     0.0001
  HDL cholesterol, mean ± SD (mg/dL)               55.1 ± 12.7                 54.3 ± 12.0                     0.813
  Triglyceride, median, IQR (mg/dL)                147.0, 33.0                 151.0, 55.0                     0.417
  Creatinine, median, IQR (mg/dL)                  0.8, 0.2                    0.8, 0.15                       0.101
  Potassium, mean ± SD (mmol/L)                    4.2 ± 0.3                   4.3 ± 0.5                       0.232
  Uric acid, mean ± SD (mg/dL)                     3.7 ± 0.9                   5.0 ± 1.3                       0.0001
  Hyperuricemia, median, IQR (\>6 mg/dL, n, %)     2, 4.4                      13, 36.1                        0.0001

**Abbreviations:** ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.

###### 

Comparison of patients in lowest and highest uric acid quadrants

                                                   **Lowest uric acid quadrant (n = 20)**   **Highest uric acid quadrant (n = 20)**   ***P***
  ------------------------------------------------ ---------------------------------------- ----------------------------------------- ---------
  Sex (M/F)                                        6/14                                     4/16                                      0.358
  Age, mean ± SD (years)                           59.8 ± 10.6                              57.2 ± 7.8                                0.395
  Office SBP, median, IQR (mmHg)                   160.00, 31.25                            160.00, 20.00                             0.874
  Office DBP, median, IQR (mmHg)                   110.00, 13.75                            110.00, 25.00                             0.696
  ABPM daytime SBP, mean ± SD (mmHg)               158.2 ± 13.1                             159.2 ± 18.6                              0.853
  ABPM daytime DBP, mean ± SD (mmHg)               93.1 ± 3.4                               92.8 ± 9.4                                0.891
  ABPM night SBP, median, IQR (mmHg)               138.00, 14.50                            145.00, 33.75                             0.276
  ABPM night DBP, mean ± SD (mmHg)                 61.4 ± 4.9                               67.5 ± 8.5                                0.013
  ABPM 24-hour SBP, mean ± SD (mmHg)               155.4 ± 11.7                             157.1 ± 18.6                              0.577
  ABPM 24-hour DBP, mean ± SD (mmHg)               86.7 ± 3.3                               87.7 ± 8.4                                0.656
  Morning blood pressure surge, mean ± SD (mmHg)   35.6 ± 7.2                               44.3 ± 9.8                                0.003
  Body mass index, mean ± SD (kg/m^2^)             28.9 ± 3.4                               29.7 ± 3.5                                0.465
  Waist--hip ratio, mean ± SD                      0.85 ± 0.06                              0.92 ± 0.09                               0.01
  Fasting glucose, mean ± SD (mg/dL)               91.6 ± 16.7                              108.3 ± 13.9                              0.001
  Total cholesterol, mean ± SD (mg/dL)             195.1 ± 39.9                             223.6 ± 35.8                              0.058
  LDL cholesterol, median, IQR (mg/dL)             123.0, 57.0                              148.0, 68.0                               0.017
  HDL cholesterol, mean ± SD (mg/dL)               52.1 ± 13.3                              51.1 ± 11.4                               0.850
  Triglyceride, median, IQR (mg/dL)                144.0, 55.0                              155.0, 34.5                               0.634
  Creatinine, median, IQR (mg/dL)                  0.85, 0.25                               0.8, 0.1                                  0.118
  Potassium, mean ± SD (mmol/L)                    4.1 ± 0.3                                4.2 ± 0.3                                 0.240
  Uric acid, mean ± SD (mg/dL)                     2.9 ± 0.3                                6.1 ± 0.7                                 0.0001
  Non-dipper, n, %                                 4.0, 20.0                                16.0, 80.0                                0.0001

**Abbreviations:** ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.
